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DIRBCT SMELTING PLAKT 

TSCBNXCAZ. FIELD 

5 The present: xnvention relates t,o ct direct; 

6melt;jja2r plant £or producing molten metal £rom a 
metalliferous £eed material aucli slb oreSr partly reduced 
ores and metal -containing waste streams • 

10 A known direct; smeltiing proda8S# wlilclx r«lles 

princi.pally on a molten bath, as a reaction meditUAr and la 
generally referred to as t;lie HXsmelt process # Is described 
in Infcematilonal Application PCT/AU96/00197 (WO 96/31627) 
in tbft name o£ the applicant. 

15 

The HT smelt process as described in 1:he 
International application in t;he context; o£ producing 
molten Iron includes i 

20 (a) forming a bath o£ molten Iron and slag in a 

vessel I 

(b) injecting into t;he baths 

25 (1) a metalllferoxxa feed material # 

typically iron oxides; and 

(11) a solid carbonaceous material, 
typically coal, which acts as a 
30 reductant of t^e iron oxides and a 

source of energy; and 

(c) smelting metalliferous feed material to iron 
in the metal layer « 

35 

The term ^smeltlng^ Is herein understood to me a n 
thermal processing wherein chemical reactions that reduce 

\\fiio&«i_<a*«\lMHCNeAH\r«#^\C>pl mo two PloorB.dec T/04/09 
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metal oxides "take plAoe produce viQlt:en metal. 

The KIsmelt process also includes post- combusting 
reaction gases, suclx as CO and released from tlie bath, 
5 in the space above the bath with oxygen- containing ga? and 
transferring the heat generated by the post -combustion to 
the bath to contribute to the thermal energy required to 
smelt the metalliferous feed materials • 

10 The HXsmelt process also includes forming a 

transition 2one above the noiiiinal quiescent surface of the 
bath in which there is a favourable mass of ascending and 
thereafter descending droplets or splashes or streams of 
molten metal and/or slag which provide an effective mp cl i inn 

15 to transfer to the bath the thermal energy generated by 
post-coBibusting reaction, gases above the bath, 

Zn the HIsmelt process the metalliferous feed 
material and solid carbonaceous material is injected into 

20 the molten bath through a nusiber of lances/ tuyeres which 

are inclinedl to the vertical so as to extend downwardly and 
dlnwardly through the side wall of the smelting vessel and 
into a lower region of the vessel so as to deliver at least 
part of the solids material into the metal layer in the 

25 bottom of the vessel. To proxoote the post-ccnibuation of 
reaction gases in the upper part of the vessel, a blast of 
hot air, which may be oxygen enriched, is injected into an 
upper region of the vessel through the downwardly extending 
hot ad.r injection lance. Off gases resulting from the post- 

30 combustion of reaction gases in the vessel are taken away 
from the upper part of the vessel through an off gas duct. 
The vessel includes refractory-lined water cooled panels din 
the side wall and the roof of the vessel, and water is 
circulated continuously through the panels in a continuous 

35 circuit. 

The HXsmelt process enables large quantities of 

\W1b.£U«»\bO«ft$Vaui\IEfiepVcx^ P140 Floors. te v/04/OJ 
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moltexx metal, such as molten Iron, to be produced by direct 
smelti&g In a single compact vesBel. However-, in ozTdex* to 
acliieve tlxis it is necessary to transport large quantities 
of hot gases to and from the vessels transport large 
5 quantities of the metalliferous feed material, such as 
iron > containing feed materials, to the vessel, transport 
large quantities of the molten metal product and slag 
produced in the process away from the vessel, and circulate 
large quantities of water through the water cooled panels - 

10 all within a relatively confined area. These functions 
must continue throughout a smelting operation - which 
extends over a long period* Xt is also necessary to 
provide access and handling facilities to enable access to 
the vessel and lifting of equipment between smelting 

15 operations « 



US patent 6,399,016 in the name of Burrow and 
assigned to the applicant discloses a very effective 
arrangement of a direct sxoeltlng plant that separates the 
20 equipment required for the various functions into distinct 
zones that are disposed about the vessel so as to minimise 
the potential for Interference between the various 
functions and to maximise safety of the smelting 
operations. 

25 

Specifically, the Burrow TJ8 patent discloses a 
direct smelting plant that Includes a fixed smelting 
vessel, a solid feed means, an oaygen-containing gas 
injection means, an oxygen- containing gas delivery duct 
30 means, an off gas duct means, a metal tapping system, and a 
slag tapping system. The plant Is characterised by 
locating s 

(a) the oxygen- containing delivery duct xoeans 
35 and the of f gas duet *"^^tt" in a first of 

three discrete zones spaced 
circumf erentially about the vessel; 
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35 



(b) t:iie mecal tapping system In a seconcL of th.e 
tharee zones ; and 

(c) the tilag tapping system in tlie third of the 
thoree zones • 

The disclosure In the Burrow US patent is 
Incorporated herein by cross-reference. 

The above discussion of the Btirrow VS patent Is 
not to be taken as an admission that the dlecloeure In the 
patent is part of the common general knowledge in 
Australia. 



The present invention further addaresses the issue 
of providing a plant layout that euAbles the required 
functions of supplying large ^antltles of feed materials 
(solid and gas) to a ccaapaot vessel, removing large 

20 <2aantltles of products of the process (metal, slag, and 
off gas) from the vessel, circulating large quantities of 
water through the water cooled panels of the vessel, 
permitting access to the vessel for re-lining- and other 
maintenance p\irpoBe8, and permitting access to the vessel 

25 for lifting equipment. 

The present invention provides a plurality of 
platforms around the vessel and locates equipment for 
carrying out the various functions (such as metal tapping 
30 systems, slag tapping systems, access doors, etc) In 

relation to these platforms so that so tha.t the equipment 
is accessible by plant oparators on the platforms. 



DXgCIaOSURB OF THB ZKVEIilTXON 

According to the present invention there is 
provided a direct smelting plant for producing molten metal 

\\*»lb.CilM\beMl>aM\BB«p\upX TWO PlDDE«.aoe 7/04/03 
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6 

from a metalllf eroiis feed material xncludi.ng: 



(a) a fixed ameltiing veseel to tiold a xttolten 
bath of metal and ela? and a gas space above tbe batb; 



(b) a eolids feed meajxs to supply metalliferous 
feed material and oarbonaoeoue material into the vesael; 

(c) a gas infection means extending downwardly 
10 Into tbe vessel to inject an oxyg-en- containing gas into the 

gas space and/or the bath in the vessel i 

(d) a gas delivery duct mitans extending from a 
. gas supply location away from the vessel to a delivery 

15 location above the vessel for delivering^ the os^^an- 
containing gas itito the gas injection means ^ 

(e) an of f gas duct means for facilitating flow 
of off gas from the vessel away from the vessel; 

20 

(£) a metal taking means for tapping molten 
xnetal from the bath during a smelting operation out of the 
vessel and transporting the molten metal away from the 
vessel ; 

(g) an end metal tapping means for tapping 
molten metal from the bath at the end of the smelting 
operation out of the vessel and transporting the molten 
metal away from the vessel; 

(h) a slag tapping mffans for tax>ping slag from 
the bsth during a smelting operation out of the vessel and 
transporting the slag away from the vessel; 

35 (i) an end slag tapping means for tapping molten 

slag from the bath at the end of the smelting operation out 
of the vessel and transporting the molten slag away from 
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tlxe vessel; 

(j) at. least: t:wo platforms for supporting plant 
operators at dl££erent lielglits o£ the vessel; and 

5 

wherein the metal tapping means and the slag tapping means 
arc located so as to be accessible by plant operators on 
one platform (hereinafter referred to as the "oast house 
platform") and. the end metal tapping means and the end slag 
10 tapping means are located to be accessible by plant 

operators on another platform (hereinafter referred to ae 
the "end tap platform") that is at a lower height than the 
cast house platform* 

15 Preferably the vessel includes a side wall and 

the solids feed means includes a plurality of solids 
injection lances that are arranged to extend downwardly and 
in%rardly through openings in the side wall and are 
removable from the vessel. 

20 ^ 

Preferably the vessel includes a solids injection 
lance handling means for installing and removing the solids 
injection lances. 

25 Preferably the solids injection lances and the 

solids injection lance handling means are located so as to 
be accessible by workman on at least one other platform 
(hereinafter referred to as the "lance extraction 
platfcxm") that is above the cast bouse platform, 

30 

Preferably the solids feed means includes 4 or 
more evra numbers of solids injection lances arranged 
around the vessel in pairs of diametrically opposed lances. 

35 Preferably the solids feed means includes a m a in 

simply line for each pair of solids injection lances and a 
pair of branch lines that are conneoted at one end to the 
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xnaln supply line and at: the dtilier ozicl respective lanaes. 

Preferably the branch, lines o£ each pair are 
Ns.. eubstautlally the eame length. 

5 

Preferably at least one pair of the solids 
Injection lances Is provided for Injecting metelllf erous 

^ feed material and at least one of the other pairs o£ the 
solids Injection lances Is provided for Injecting 

10 carbonaceous material and optionally fluxee. 

Preferably the pairs o£ the solids Injection 
lances are arranged around the vessel so that adjacent 
lances are lences that are provided to Inject different 
15 materials • 

Preferably lance openings In the side wall of tbe 
vessel are located at the same height of the vessel and are 
spaced at equal distances around the circumference of the 
20 vessel. 



Preferably the solids feed meanB Includes a hot 
metalliferous feed material Injection system for pre- 
heating at least part of the metalliferous feed material 
25 and supplying the hot metalliferous feed material to the 
main supply line or lines for the metalliferous feed 
terlal Injection lances. 



Preferably the end tap platform Is above ground 

30 level. 

Preferably the vessel Includes at least two doors 
. In the side wall of the vessel for allowing access to the 
Interior of the vessel for re -lining or other maintenance 
35 work on the Interior of the vessel. 

Preferably the access doors Include plates that 
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are welded blie side wall. With thla arraxxgementi, wliezi 
accese to the interior o£ the vessel le required, the 
plates can be cut away from the side wall and replacement 
plateB can he welded in position after the work in the 
5 interior of the vessel is coznpleted* 

Pre£ered>ly the doors are spaced apart at least 
90^ around the circuinferenoe of the vessel. This spacing 
loakes it possible for refractory wall demolition equipment 
10 to extend through the doors into the vessel and demolish a 
s\3bstantial part of the refractories of a refractory -lined 
side wall while the vessel is hot. 

Preferably the access doors are at the same 
15 height of the vessel. 

Preferably the access doors are located so as to 
be accessible by plant operators on the end tap platform. 

20 Preferably the cast house platform extends above 

the immediate vicinity of the access doors to provide 
sheltered work areas in the immediate vicinity of the 
access doors. 

25 Preferably the plant includes at least one 

overhead crane access sone tliat extends vertically from the 
end tap platfozm for facilitating lifting materials and/or 
equipment downwardly onto and \jypwardly from the end tap 
platform by means of an overhead crane* 

30 

Preferably the cast house platform is formed to 
define at least part of the boundary of the overhead crane 
access sone* 

35 The metal tapping means and the slag tapping 

means xoay be the same unit* 



\\Mlbjfil«sMw««c\cm\ie««p\tt<'^l M^a tv<o Ftoon.doc t/9«/03 
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The metal tapping meane aod th^ filag tapping 
means may also be different units with a separate metal tap 
hole and a separate slag tap hole located at different 
heights of the vessel « 

5 

Xn situations In which the metal tapping means 
and the slag tapping means are different units « preferably 
the metal tapping means Includes a metal flow f orehearth 
projecting outwardly from the vessel for tapping molten 
10 metal continuously from the vessel. 

With this arrangement, preferably the metal 
tapping means Includes a metal tapping launder for 
receiving molten metal from the foreheartb, 

IS 

Xn addition, with this arrangement, preferably 
the slag tapping means Includes a slag tapping launder for 
receiving xaolten slag from the bath« 

20 The end metal tapping meariB and the end slag 

tapping means may be the same unit. 

The end metal tapping means and the end slag 
tapping means may also be different units with a separate 
25 end metal tap hole and a separate end slag tap hole located 
at different heights of the vessel. 

Xn situations In which the metal taking means is 
a f orehearth, preferably the end metal tapping means Is 
30 adapted to tap molten metal from the bath and the 
f orehearth at the end of the smelting operation. 

Preferably t:he plant Includes a metal holding 
means, such as a ladle, disposed away from the vessel and 
35 the metal tappdlng launder extends to a location above the 
holding means for delivering molten metal into the holding 
means . 
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Preferably (a) the oxygen- con talxuLng- gas delivery 
duct means* tlie o££ga0 duct metajja, and the aooe^s doore are 
located in a first of three zones spaced circiamf erentially 
5 about the vessel and extending outwardly from the vessel; 
(b) tlie metal tapping means is located in a second of the 
three zones j and (c) the slag tapping means is located in 
the third of the three zones. 

10 Preferably the vessel is disposed about a central 

upright axis and the zones radiate outwardly of the central 
axis outside the vessel. 

Preferably the vessel is a vertical cylindrical 
15 vessel and the plurality of solids Injection lances are 
spaced circumferentially around the vessel. 

Preferably the side wall of the vessel includes 
water-cooled panels. 

20 

Preferably the vessel includes a roof and the 
roof includes water-cooled panels. 

Preferably the plant includes a closed cooling 
25 water circuit for supplying water to axid removing heated 
water from the water-cooled panels and thereafter 
extracting heat from the heated water and thereafter 
returr.ing the water to the water-cooled panels. 

30 Preferably the cooling water circuit includes a 

supply , side that includes a horizontally-disposed inlet 
vnanifold located above the vessel, a main supply pipe for 
supplying water to the inlet manifold, and a network o£ 
pipes that distributes water from the manifold to water 

35 inlets in the panels. 

Preferably the cooling water circuit includes a 

VV«*l^.ff41«*MiQm«\aBi\jeB«p\ccpi ri«o tmo rlonro.doc t/04/0l 
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returxi side tliat includes a liorizonteilly-dxsposed outilef: 
manifold locatied above Cbe vessel # and a netwoz-k of pipes 
for ireceiving heated water from water outlets in the panels 
and delivering the water upwardly- to the outlet manifold. 

5 

Preferahly the of fgae duct means extends 
outwardly and upwardly from an upper section of the vessel 
and the dunlet and outlet manifolds are located at the same 
height as the off gas duct means. 

10 

With this arrangement, prefer ahly the inlet and 
the outlet manifolds are U-shaped and are positioned in 
relation to the of f gas duct means so that the end of hoth 
arms of each U is adjacent opposite sides of the duct. 

15 

Preferably the plant further Includes a means for 
receivdLng slag from the slag tapping means and the end slag 
tapping means* 

20 Preferably the slag receiving means includes at 

least one slag containment pit. 

Preferably the plant includes a tomtib for 
receiving metal from the end metal tapping means* 

25 

Preferably the end metal receiving mipnTiB includes 
at least one metal containment pit for end tapping of 
metal . 

30 Preferably the metal containment pit is covered 

to prevent direct contact between hot metal and water* 

Preferably the slag and metal containment pits 
are at or below ground level, 

35 

Preferably the plant includes a gas heating means 
at thci gas supply location for supplying hot gas to the gas 
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<iellvaz:y duct: means for Injectloti Intio th,e vessel • 

Tbe gas delivery duct means may Include a single 
gas duct: extending from tlie gas supply location to the 
5 delivery location « 

Preferably tbe oacy&TW' containing gas ie air or 
oxygen- enr idled air. 

10 BRIEF DfiSCRXPTXON OF THE DRAVfXNQS 



15 



20 



Tbe present invention is described in more detail 
hereinafter with reference to the accos^anying drawings, of 
which: 

Figure 1 is a vertical cross- section through a 
direct smelting vessel that forms part of one exnbodiment of 
a direct smelting plant in accordance with the present 
invention! 

Figure 2 is a side elevation of the vessel and 
the arrangement of platforms around the vessel and the 
e^ipsnent on the platforms that form a major part of the 
embod.-Lraent of the direct smelting plant; 

Figure 2a is an enlarged side elevation o£ the 
solids injection lance and hot ore supply lines indicated 
by the arrow in Figure 29 

30 Figure 3 is a side elevation of a lower part of 

the vessel and the arrangement of platforms around the 
vessel and the e<iuipment on the platforms that form a major 
part of the embodiment of the direct smelting plant viewed 
from a location that is 90^ from the location from which 

35 . the vessel is viewed from in Figure 2$ 

Figure 4 illustrates the layout of the cast house 

\\|wlli.riles\baRe9\GBII\»cp\ccpl. pi40 Tyo VlpBr«.4oe t/04/01 
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pla.t£cz3n o£ tHe embodiment: of t:lie direct: smelting plant; 

Figure 5 Illustrates the layout of the end tap 
platform of the embodiment of the direct smelting plants 
5 . . 

Figure 6 is a computer-generated top plan view of 
the enibodiment of the dlirect smelting plant which 
Illustrates the cast house platform and ecpxlpQoaent on that 
platform and a section through the vessel at that height of 
10 the vessel and equipment ahove trhat platform and with 

equipment above t^hat platform removed to clarify the view 
of the plant; 

Figure 7 is a computer -generated top plan view of 
15 the enibodiment of ^the direct smelting plant fnam the same 
location as Figure 6 which Illustrates some of the 
equipment of the plant shown In Figure 6 and equipment of 
the plant not shown In Figure 6 and a top view of the 
vessel and with equipment removed to clarify the view of 
20 the plant; and 

Figure 8 is a dlagramnatic plan of the 
arrangement of solids injection lances around the vessel 
the supply lines for the lances « 

25 

DKTAXIiED DSSCRIPTXON OF TRR PREFERRED EMBODZMENT 

The direct smelting plant shown in the Figures 
includes a direct smelting vessel that is sultahle 
30 part leu 1 arly for* operation by the PT smelt pirocess as 
described in Xnteimatlonal patent application 
PCT/AU9 6/00197. The following description is in the 
context of smelting iron ore fines to produce molten iron 
in accordance with the HXsmelt process. 

35 

With refeirence initially to Figure 1, t:he 
metallurgical vessel is denoted generally as 11 and has a 

\\wU^iajui\liM«s\6iiN\lft«p\i:rpl »l4ft TM noozff.doo 7/04/111 
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lieartih t:liat: Incudes a base 12 and aides 13 fomed from 
re£ract03:y bricks, side walls 14 wbicb form a generally 
cylindrloal barrel ext^endlng upwardly from tlie sides 13 of 
tbe bciar^ azid wbicb izxclude an upper barrel section and a 
5 lower barrel Bect:lon formed from, water-cooled panels (not: 
shown) , a roof 17 formed from water-cooled panels (not 
sbown) , an outlet 18 for of f gases, a forebeartb 19 for 
discbarging molten metal continuously/ and a tap-hole 21 
for discharging molten slag during smelting* 

10 

Xn use o£ the -vessel to smelt iron ore fines to 
produce molten iron in accordance with the HXsmelt process, 
the vessel 11 contains a molten bath of iron and slag which 
includes a layer 22 of molten metal and a layer 23 of 

15 molten slag on the metal layer 22. The arrow marked by the 
numeral 24 indicates the position of the nominal quiescent 
surface of the metal layer 22 and the arrow marked by the 
numeral 25 indicates the position of the no min al quiescent 
surface of the slag layer 23. The term "^quiescent surface" 

20 is understood to mean the surface when there is no 
injection of gas and solids into the vessel. 

As can best be seen in Figures 2 and 3, the 
vessel includes a series of platforms 79, 81, 83, 85 at 

25 different heights of the vessel above ground level 87 • The 
platforms enable installation and operation of vessel and 
otber plant equipment described hereinafter around the 
contact vessel 11 in a way which separates the various 
operational functions of the equipment so as to minimise 

30 interference betwecua the various operations and, 

accordingly, majcimisiug operational safety. The heights of 
the platforms 79, 81, 83, 85 are selected to enable workman 
on the platforms to have convenient access to the plant 
equipment. in addition, the ^footprints'* of the platforms 

35 79, 81, 83, 85 are selected to permit overhead crane access 
to selected areas of lower platf orms and to provide 
overhead protection for work areas of the lower platforms. 

\\PAi«i_eil«*\iioiiM\e»K\KMp\ciepa pmo noon. doc i/Oi^o» 
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As Lb dlscuaaed ±ii further det;aJ,l hereinafter, 
the platforms 79, 81 are solids injection lance extraction 
platforms, the platform 83 is a cast house platfoxm, end 
5 the platfoxm 85 is an end tap platform. 

As can beat be seen in Figure 5. the vessel 11 
includes 2 access doors 39 in the sides 13 of the hearth 
for allowdLng access to the interior of the vessel 11 for 

10 re -lining or other maintenance woric in the interior of the 
vessel « The access doors 39 are In the fozm of steel 
platee that are welded to the sides 13. When access to the 
interior of the vessel is re<3[uired, the plates are cut away 
from taie side walls and replacement plates are welded in 

15 position after the work ia the vessel has been completed. 
The access doors 39 are at the same height of the vessel 
11^ TUm access doors 39 are spaced at least 90** apart 
around the circumference of the vessel* This spacing makes 
it possible for refractory wall demolition equipment to 

20 extend through the doors into the vessel and demolish a 

substantial part of the refractories of a refractory-lined 
side wail ^i^le the vessel is hot- The access doors 39 are 
sufficiently large to allow bob-cat 139 or similar 
equipment access to the interior of the vessel* 

25 

As can best be seen dLn Figure 1, the vessel 11 is 
fit:t:ed with a gas injection lance 26 for delivering a hot 
air blast into an upper region of the vessel* The lance 26 
extends downwardly through the roof 17 of the vessel 11 

30 into the upper region of the vessel. In use^ the lance 26 
receives an oxygen-enriched hot air flow through a hot gas 
delivery duct 31 (Figures 2^ 6 and 7) ^fbich extends from a 
hot gas supply station (not shown) located some distance 
away from the reduction vessel 11. The hot gas supply 

35 station includes a series of hot gas stoves (not shown) and 
an oxygen plant (not shown) to ex^able an oxygen enriched 
air stream to he passed through the hot gas stoves and into 
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tlie hot gas delivery duot 31 which extexxdo to a ocwmeetion 
with the gaa injection lance 26 at a location above the 
vessel 11. Alternatively oxygen may bo added to the air 
stxeam after the air stream has been heated by the stoves. 

5 

With reference to the Figures generally, the 
vessel 11 is also fitted with 8 solids injection lances 27 
extending downwardly and inwardly through openings (not 
shown) in the side walla 14 of the vessel and into the slag 
10 layer 23 for injecting iron ore fines, solid carbonaceous 
material, and fluxes entrained in an oxygen- deficient 
oarrlor gas into the metal layer 22, 

The lance openings in the side walls 14 of the 
15 vessel are located at the same height of the vessel 11 and 
are siiaoed at equal distances around the circumference of 
t:ha vnssel. The lances 27 are formed and are located in 
the lance openings so that their outlet ends 28 are above 
the surface of the metal layer 22 during operation of the 
20 process. This position of the lances 27 reduces the risk 
of damsge through contact %ri.th molten metal and also malces 
it possible to cool the lances by forced internal water 
cooling without significant risk of water coming Into 
contact with the molten metal in the vessel. 

25 

The lances 27 are in 2 groups of 4 lances, with 
the lanoes 27 in one group receiving hot iron ore fines 
supplied via a hot ore injection system and the lanoes 27 
in the other group receiving coal and f liix via a 
30 carbonaceous material/ flux injection system during a 
smelting operation. The lances 27 in the 2 groins are 
arranged alternately around the circumference of the 
vessel. 

35 Tie hot ore injection system ineludee a pre- 

hoater <not shown) for heating the iron ore fines and a hot 
ore transfer system that includes a series of supply lines 
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and a Bvipply o£ cairsfleir gaa £or 'transpoirfcxzig the hot ore 
£±ne6 dLn the supply llneA and In^ eating the hot ore finea 
at a tei^peratiire of the order of 680°C into the vessel. The 
general arrangement of the lances 27 and the simply lines 
5 Isnnadi.ately upstream of the lances 27 is shown 
dlagrammatlcally ±n Figure 8« 

With reference to the Figures generally, the hot 
ore injection syatem Includes a main hot ore ai:^ly line 75 

10 (Figures 2 to 5) and 2 branch lines 76 (Figures 2 to 4) 

that &re connected to diametrically opposed lances 27 and 
are arranged to supply hot ore to these lances 27 during a 
emeltixig operation* The hot ore injectimi system also 
includes another main hot ore supply line 33 (Figures 2 and 

15 5) and 2 branch lines 34 (Figures 2 to 5) that are 

connected to the other pair of diametrically opposed lances 
27 and are arranged to supply hot ore to these lances 27 « 

As can. be seen in Figtires 2 to 5, the main supply 
20 line 75 runs on or close to groimd level from a remote 

location (not shown) away from the vessel and under the end 
tap platform 85 to a location 75a in Figures 2 and 3 and 
then vertically upwardly from this location through the end 
tap platfoxm 85 and the cast house platform 83 to a 
25 location 75b in Figures 2 to 4 above the cast house 
platform 83, The branch lines 76 initially extend 
horizontally in opposite directions from the main line 75 
at the location 75b and then vertically upwardly at 
locations 76a (Figures 2 and 3) to locations 76b (Figures 2 
30 to 4} and then inwardly and downwardly in short straight 
sections 76c to the inlets of lances 27. 

As can also be seen in Figures 2 and 3, the main 
supply line 33 runs on or close to ground level from a 
35 r^QOOte location (not shown) away from the vessel to a 

location 33a in Figure 5 and the line branches into the 
branch lines 34 at this location. These branch lines 
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define a V-BhApe. The branch lines 34 extend on or clotfe 
to- ground level under the end tap platform 65 to locations 
34a (Figures 2 and 3) and then vertically upwardly- froon 
these locations through the end tap platfozm 85 and the 
5 cast house platform 83 to the locations 34b (Figure 2) and 
then inwardly and downwardly In short straight sections 34c 
(Figure 2, only one shown) to the inlets of lances 27. 

The above-described arrangesment of the pairs of 
10 main and branch Xines avoids interference between the lines 
in the confined space around the vessel. 

The carbonaceous material/flux injection system 
Includes similar main supply lines 39, 91 and branch supply 
15 lines 40, 92 « respectively for diametrically c^iposed pairs 
of the lances 27. 

./ 

The lances 27 are arranged to be removable from 
the vessel 11 by means of lance handling equipm en t 

20 asBocd.ated with each lance 27 that can support the lances 
27 for installation in openings provided In the side walls 
14 of the vessel and for withdrawal of the lances 27 from 
the vessel • The lance handling equipment Is partially 
shown in the Figures, with reference to Figures 2a and 3, 

25 the lance hand! i ng equipment for each lance includes a 

guide arm 113 that etxtends upwardly and outwardly from the 
vessel and is adapted to siqgvport and guide the leoice as a 
lifting unit (not shown) lifts the lance into and from the 
vessel ppening for the lance. 

30 

The of fgas outlet 18 of the vessel 11 is 
connected to an of fgas duct 32 (shown in Figures 2, S and 
7) which transports the of fgas away from the vessel 11 to a 
treatment station (not shown) where it is cleazied and 
35 passed through heat exchangers for preheating the materials 
fed to the vessel 11* The BIsmelt process preferably 
operates with air or oxygen- enriched air and therefore 
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^eneratiea stabstianfcla.! volumes o£ offgas and requires a 
relatively large diameter o££gas duct 32. Ae can beat be 
seen in Figure 2, the offigas duct Includes a gently 
inclined first section 32a extending from tbe offgas outlet 
5 18 of tlie veeeel 11 and a vertically extending second 
section 32b tbat extends from tbe £irat section 32a. 



The hot ga0 delivery duct 31 and the o££ga0 duct 
32 extend away from the upper part o£ the vessel 11 to 

10 remote ;Locatiozi8 (not shown) and therefore occupy space in 
that region of the vessel and therefore have an ixppaot on 
the positioning o£. plant e<2uipiiient such as overhead cranes 
or Other mobile handling equipment that ia required £ox 
maintenance o£ the vessel and a cooling water circuit for 

15 the water-cooled panels in the side walls 14 and the roof 
17 o£ the vessel 11 • 



As is indicated above, the side walls 14 and the 
roof 17 of the vessel 11 are formed from water-cooled 
20 panels (not shown) and the plant includes a cooling water 
circuit, nie cooling water circuit supplies water to and 
reinoves heated water from the water-cooled panels and 
thereafter extracts heat from the heated water before 
returning the water to the water-cooled panels. 

25 

With reference to Figure 7, the supply side o£ 
the circuit includes a main siqiply pipe 101 that siqpplies 
water to a horisontally-dispoaed U-shaped inlet manifold 99 
located above the roof 17 of the vessel 11 and a network of 
30 pipes that distributes water from the manifold 99 to water 
inletB in the panels in the roof 17 and the side walls 14 
of the vessel. 

The retxim side of the circuit includes a network 
35 of pipes that receives heated water from water outlets in 
the panels in the roof 17 and the side walls 14 of the 
vessel and delivers the water upwardly to a horisontally- 
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dlspoaed n-sfaAped outlet: manifold 105 locaHed alcove the 
xroo£ a? o£ tlie vessel 11 thjB eazne Irelg-bt as tlie Inlet 
manifold 99* The return side o£ the circuit also includes 
a main return line 107 that transfers heated water from the 
5 outlet manifold 105 to a heat exchangrer (not ahovm) . 

The location and large diameter of the of ffir^Le 
duct 32 constrains the inlet and outlet manifolds 99, 105 
to the U-shaped configuration shown* in Figure 7. 

10 

Xn a smelting operation in accordance with the 
SZsmelt process, ore fines and a suitable carrier gas and 
coal and a suitable carrier gas are injected into the 
molten bath through the lances 27. The momentum of the 

15 solid materials and the carrier gases causes the solid 
materials to penetrate the metal layer 15 » The coal is 
devolatilised and thereby produces gas in the metal layer 
15 « Carbon partially dissolves in the metal and partially 
remains as solid carbon. The ore fines are smelted to 

20 metal end the smelting reaction generates carbon monoxide. 
The gases transported into the metal layer and generated by 
devolatlllsation and smelting reactions produce significant 
buoyancy uplift of molten metal, solid carbon end slag 
(drawn into the metal layer as a consequence of 

25 solid/gas/ injection) from the metal layer 15 which 

generates upward movement of splaiBhes, droplets and streams 
of molten metal and slag, and these splashes, droplets and 
streams entrain slag as they move through the slag layer* 
The buoyancy uplift of molten metal, solid carbon and slag 

30 causes substantial agitation of the slag layer 16, with the 
resulc that the slag layer expands in volume. Xn addition, 
the upward movement of splashes, droplets and streams of 
molten metal cmd slag - caused by bxioyancy i^lift of molten 
metal r solid carbon and slag - extend into the space above 

35 the molten bath and forms a transition zone« Xnjectlon of 
the oxygen-containing gas via the lance 26 post-combTXsts 
reaction gases, auch as carbon monoxide and hydrogen, in 
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^he upper part of the vessel. 0££gaaes resulting from the 
post-combuatloxi of reaction gases In tbe vessel are taken 
away £rom the upper part of the vessel through the o£fgas 
duct 32. 
5 • * 

Hot snetal produced during a smelting operation Is 
discharged from the vessel 11 through a metal tapping 
system tlxat: Includefi the forehearth 19 and a hot metal 
launder 41 connected to the forehearth. The outlet end of 
10 tlie liot metal launder 41 Is positioned above a liot: metal 
ladle station (not shown) 0O as to supply molten metal 
downwardly to ladles located at the station • 

The plant includes an end metal tapping system 
15 for tapping molten metal £r<»B the vessel 11 at the end of a 
smelting operation out of the lower part of the vessel and 
transporting that molten metal away from the vessel 11 « 
The end metal tapping system includes a metal end tap hole 
63 in the vessel and a launder 38 for transferring molten 
20 metal discharged £rom the vessel 11 via the tap hole to a 

containment metal pit 91 at ground level. Ideally this pit 
91 is covered (not shown) from the elements to prevent 
direct contact between hot metal in the pit: and water. The 
end metal tapping system also Includes a metal tap hole 43 
25 in the forebear tli 19 and a latmder 40 for transferring 

molten metal discharged from the forehearth 19 via the tap 
hole to the main hot metal launder 38. An end tap drill 59 
is also provided to open the tap holes 63, 43 to release 
metal from the vessel and the forehearth. 

30 

The plant Includes a slag tapping system for 
tapping molten slag f rem tbe vessel 11 periodically from 
the lower part of the vessel and transporting that slag 
away ifrom the vessel 11 during a smelting operation. The 
35 slag tapping system Includes a slag notch 21 in the vessel 
11 and a launder 44 with 2 end branches 80, 82 for 
trans ferrdLng molten slag discharged from the vessel 11 via 
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tlie slag notch 21 doimvardly £rom tlie lieight: of tlie end bap 
plat:£ozm 85 ±nto separate slag contatixment pits 93 , 95 at 
groimd level 87 « Two pits are provided so that one pit aan 
]:>e out of service and allowed to cool down prior to the 
5 slag helng removed while the other pit la in service and 
receiving molten clag. A slag notch plug and prloker 
aiaohxne 61 is provided to open and seal the slag notch 21 
to release slag from the vessel 11 « 

10 The plant Includes a slag tapping system for 

dralxilng slag from the vessel 11 at the end of a smelting 
operation « The slag end tapping system Includes a slag tap 
hole 46 In the vessel XX and a main launder 70 and a branch 
launder 72 for transferring molten aoetal discharged £rom 

15 the vessel IX via the slag ts^ hole 46 to the containment 
pit 93* A branch launder 95 connects the slag launder 70 
to the hot metal launder 38. The branch launder 95 Is used 
to transfer molten metal that usually flows from the vessel 
when the tap hole 46 Is first opened to the metal 

20 containment pit 9X« Prior to an end tap« the branch 

launder 72 Is bloclced so that molten material can only flow 
to the metal contalxmient pit 91 via the branch launder 95. 
Towards the end of the metal flow, the branch launder 95 Is 
blocked and the branch launder 72 Is unblocked so that flow 

25 of molten anaterial is diverted to the slag pit 93. A slag 
drain drill 68 Is provided for opening the tap hole 46 to 
release slag from the vessel. A mud gun 66 is provided to 
close an open tap hole 46* 

30 As la Indicated above, the vessel Includes a 

series of platforms 79, 81, 83, 85 at different heights o£ 
the vessel above ground level 87* The platforms enable 
Installation and operation of vessel and other plant 
equipment* 

35 

The lowest platform, the end tap platform 85, is 
posit J.oned In relation to the vessel 11 at a height that is 
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aelected eo tJwb wozrlottttn on the platfom can have 
convenient: access t;o tbe end metal tapp±ng' syeteifl (metal 
end tap hole 63, launder 38, metal tap hole 43 , launder* 44, 
and end tap drill) , the elag end tapping system (slag tap 
5 hole 46, laixnder 70, branch launder 95, slag drain drill 
68, mud gun 66), and the aooeas doors 39. Squlpzzvent such 
as the metal end tap drill, slag drain drill 68, and mud 
gun 66 are mounted directly on the platform* The platform 
also includes 2 overhead crane access axeas 55 that are 
10 essentially dear spaces on and from which equipment and 
soaterials can be lifted, for example to facilitate re- 
lining the interior of the vessel 11. 

The next highest platform, the cast house 
15 platform 83, is positioned In relation to the vessel 11 at 
a height that is selected so that worJonan on the platform 
can have convenient access to the metal tapping system 
(forehearth 19 and hot metal launder 41) and the slag 
tapping system (slag notch 21, launder 46, and slag notch 
20 plug and pricker machine 61). The footprint of the 

platform 83 is selectively formed so that the platform does 
not extend into the space above the overhead access areas 
55 of the end tap platform 85 so that there Is clear 
overhead crane access to these areas 55 « The footprint of 
25 the platform 83 is also selectively formed so that the 
platform extends above the work areas in tha inmediate 
vicinity of the end metal and slag tailing systems and the 
access doors 39 on the end tap platform 85 to provide 
overhead protection for workman In these areas. 

30 

The next highest platforms, the lance extraction 
platforms 79, 81, are positioned in relation to the vessel 
11 at heights that are selected so that workman on the 
platforms can have convenient access to the lances 27 and 
35 lance han d lin g equipment to Install and remove the lances 
27 from the vessel. 
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Tlie footprlnl: o£ the plal:fozm 8X is ehomx in 
flgurti 3, The footprint of tlxe platform 81 Is selectively 
foxmecl 60 tliat tlie platform does xiot extend into thie »pace 
above tlie overhead access areas 55 of the end tap platform 
5 85 so that there is clear overhead crane access to these 

areas 55- The footprint is also selectively formed so that 
the platform extends above the work areas in the Innediate 
vicinity of the metal and slag tapping systems to provide 
overhead protection for workman working in these areas* 

10 

In addition to the above -described plant 
equiproent being az^anged on a series of platforms 79, BX, 
83, 85, the equipment is also arranged on the platforms 
w±thiii a series of circumferential ly and vertically 

15 Qxtcuiding zones that further enable installation and 

operation of all the above-described equipment around the 
compact vessel 11 in a way which separates the various 
operational functions of the equipment so as to minimise 
interference between the various operations and, 

20 accordingly, maximising operational safety* 

Specifically, the layout of the installation is 
divided into the following 3 functional zones that €uctend 
vertically and are spaced circumf erentially around the 
25 vessel XI and radiate outwardly of the central upright aacis 
of the vessel. 

Zone It General Access and Services 

30 This sone, which extends approximately 180* around the 

circumference of the vessel ll contains i- 

• The footprints of the overhead hot gas delivery 
duct 31 and tbe off gas duct 32. 

35 

• The access doors 39 in the vessel 11. 
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Zoae 2: Met:al Tapping 

Till 8 sone cozitelns i - 

5 « The slag ^applncf system Cfox-eheax-tli 19 and hot 

metal launder 41) • 

« The end metal tapping aystem (metal end tap hole 
63, launder* 3 8, metal tap hole 43, la\mder 44, and 
10 end tap drill) « 

Zone 3: Slag Tapping 

This sone contains 

15 

«> The Blag tapping system (slag notch 21/ launder 
46 # and slag notch plug and prlQker machine 61) • 

• The elag end tapping system (slag tap hole 46, 
20 launder 70, branch launder 95, slag drain drill 

68, and mud gun 66) • 

The plant also includes the zones, ie the space, 
above the above -described overhead crane access areas 55 
25 that enable materials and equipment to be lifted onto and 
removed £ram the end tap platform. The overhead siccees is 
particularly important for efficient lifting of materials 
and equlpmezit required for re -lining or other maintenance 
work on the interior o£ the vessel « 

30 

Meny modifications may be made to the embodiment 
of the present invention described above without departing 
from, the spirit and scope of the invention. 

35 
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